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Multi-Color Single-
Molecule Imaging
Uncovers Extensive
Heterogeneity in
mRNA Decoding

Metabolomic analy
ses of the bio-coro
na formed on TiQ2
nanoparticles incu

bated with plant le
af tissues

Metabolomic analy
ses of the bio-coro
na formed on Ti0O2
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NEEE

mRNA translation is a key step in decoding genetic information. Genetic decoding is surp
risingly heteroOgeneous because multiple distinct polypeptides can be synthesized from
a single mRNA sequence. To study translational heterogeneity, we developed the MoonT
ag, a fluorescence labeling system to visuOalize translation of single mRNAs. When comb
ined with the orthogonal SunTag system, the MoonTag enables dual readouts of translati
on, greatly expandUOing the possibilities to interrogate complex translaOtional heterogen
eity. By placing MoonTag and SunTag sequences in different translation reading frames, e
ach driven by distinct translation start sites, start site selection of individual ribosomes ca
n be visualized in real time. We find that start site selection is largely stochastic but that t
he probability of using a particular start site differs among mRNA molecules and can be
dynamically regulated over time. This study provides key insights into translation start sit
e selection heterogeneity and provides a powerful toolbox to visualize complex translatio
n dynamics.

Exosomes are naturally occurring nanosized vesicles that have attracted considerable atte
ntion as drug delivery vehicles in the past few years. Exosomes are comprised of natural |
ipid bilayers with the abundance of adhesive proteins that readily interact with cellular m
embranes.

Exosomes are naturally occurring nanosized vesicles that have attracted considerable atte
ntion as drug delivery vehicles in the past few years. Exosomes are comprised of natural |
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